Untreated heavy nasal carriers of staphylococci have been reported to have staphylococci on their skin more frequently and to disseminate staphylococci in the air in larger numbers than either noncarriers or carriers of smaller numbers of these bacteria (1). If the nose is the main source of skin and aerial staphylococci, suppression of nasal staphylococci should be followed by a reduction in both aerial dissemination and skin carriage.
Untreated heavy nasal carriers of staphylococci have been reported to have staphylococci on their skin more frequently and to disseminate staphylococci in the air in larger numbers than either noncarriers or carriers of smaller numbers of these bacteria (1) . If the nose is the main source of skin and aerial staphylococci, suppression of nasal staphylococci should be followed by a reduction in both aerial dissemination and skin carriage.
Of the presently available systemically administered antibiotics, only methicillin (dimethoxyphenyl penicillin) has been reported to eradicate staphylococci from nasal carriers without overt staphylococcal infections at other sites in hospitals where a large proportion of these organisms is multiple-drug-resistant (2) (3) (4) (5) (6) . However, other investigators have reported that nasal staphylococci are eradicated less frequently and less rapidly from patients receiving methicillin for staphylococcal infections at other sites (7) (8) (9) .
In the present study nasal treatment with methicillin not only suppressed nasal staphylococci but also decreased aerial dissemination of these organisms and markedly reduced skin carriage of staphylococci. Both before and after treatment, the frequency of positive skin cultures and aerial dissemination of staphylococci was proportional to the number of nasal staphylococci isolated at the time cultures were obtained.
METHODS
Quantitative nasal cultures (10) (1) and air samples using slit samplers (11) were obtained before therapy and at weekly intervals during and after therapy. Cultures were obtained from all patients throughout their hospitalization. In patients who had not reacquired nasal staphylococci when discharged from the hospital, attempts were made to continue cultures either until staphylococci were again isolated or until at least a total of 30 days after therapy.
Cultures from patients who did not reacquire nasal staphylococci during the study were obtained in the hospital for a mean period of 23 days after treatment, with a median value of 25 days; after discharge from the hospital, additional cultures were obtained for an average period of 17 days, with a median period of 14 days.
Ten of the 14 patients who became nasal carriers after treatment did so during their hospitalization. The remaining 4 patients were followed for 10, 13, 17 and 20 days after treatment in the hospital, during which time their nasal cultures remained negative, and for an additional 33, 14, 41 and 38 days, respectively, after discharge before staphylococci were isolated.
A coagulase-positive staphylococcus from each positive culture was phage typed 2 and its susceptibility to penicillin G, tetracycline, erythromycin, chloramphenicol, kanamycin and methicillin was determined by plate-dilution methods (12) . Staphylococci requiring 10 ,ug or more for inhibition were considered resistant. By these standards, none of the staphylococci was resistant to methicillin or kanamycin. compared with patients from whom phage types different from those present before therapy were isolated. Pretreatment cultures from patients who became nasal carriers after treatment contained larger numbers of staphylococci than pretreatment cultures from patients who remained noncarriers after treatment (Table I) . There was no difference in the number of staphylococci isolated from pretreatment cultures of patients from whom the same phage type of staphylococci was isolated as compared with patients from whom a new phage type of staphylococci was isolated.
Topical administration of methicillin caused a rapid drop in carrier rates and in the number of staphylococci isolated from those who remained carriers (Tables II and III) . After therapy, the mean carrier rate gradually increased until 46 per cent of the cultures obtained 30 days or longer after treatment contained coagulase-positive staphylococci. In patients who became carriers (Table V) .
A large proportion of air samples and skin cultures collected from treated patients before therapy contained coagulase-positive staphylococci (Table VI) . During treatment the number of samples containing coagulase-positive staphylococci was very low. After therapy, staphylococci were isolated infrequently from patients who were not nasal carriers at the time skin cultures and air samples were collected, but were isolated as frequently from patients who had reacquired (Table VIII) . However, in patients in whom nasal staphylococci had been eliminated, a very low proportion of air samples contained staphylococci.
When the patients' bedding was shaken lightly for 15 seconds of the 1.5-minute collection period, positive air samples were more frequent around carriers of more than 10,000 staphylococci than around either carriers of less than 10,000 staphylococci or around noncarriers (Table IX) . In addition, more than 5 staphylococcal colonies were present in 32 per cent of air samples around nasal carriers of more than 10,000 colonies, in 15 per cent of air samples of carriers of less than 10,000 colonies, and in only 3 per cent of air samples around patients in whom nasal staphylococci had been completely suppressed. Eighty-one per cent of staphylococci isolated from air samples or from the skin of nasal carriers were the same phage types and were susceptible to the same antibiotics as the staphylococci isolated from the nose at the same time. All staphylococci isolated from air samples around noncarriers were of different phage types and had different antimicrobial susceptibilities than the staphylococci isolated either from pretreatment nasal cultures or from nasal cultures obtained at a later period in those patients who reacquired nasal staphylococci. No local or generalized reactions to topical methicillin were observed during or after treatment.
DISCUSSION
In general hospitals where antibiotics are used extensively, there is a large reservoir of staphylococci resistant to penicillin G, tetracycline, erythromycin and chloramphenicol. Administration of these antibiotics to patients or personnel often eliminates sensitive staphylococci present in the nose before therapy, but treated patients acquire new strains from the hospital environment during therapy which are resistant to the administered drug and to several other antibiotics also (3, 4) .
Methicillin is highly resistant to staphylococcal penicillinase and, in this hospital, no coagulasepositive staphylococci of over 3,000 strains tested were resistant to methicillin. In a previous study (2) , systemic therapy with methicillin rapidly eliminated nasal staphylococci from patients without staphylococcal infections at other sites. Since there were no strains resistant to methicillin, treated patients did not acquire new strains from the hospital environment during treatment.
As shown in this study, nasal treatment with methicillin also rapidly depressed both the number of nasal carriers and the number of staphylococci present in those patients who remained carriers. Associated with the reduction in nasal staphylococci was a marked reduction in the frequency with which staphylococci could be isolated from a standard area of patients' skin and a reduction in the frequency with which staphylococci could be recovered from the air around treated patients.
In patients who became nasal carriers after treatment was discontinued, a large proportion of both skin cultures and air samples again contained coagulase-positive staphylococci. However, the strains acquired after therapy were less frequently multiple-drug-resistant or lysed by phages 80/81 than those isolated before therapy.
In this study, patients were selected who would remain in the hospital at least 3 weeks. Because of the nature of their illnesses, many had received antibiotics during previous hospitalizations and the proportion of staphylococci lysed by phages 80/81 and resistant to several antibiotics was higher than usually found in newly admitted, untreated patients (3).
If fewer strains before treatment had been drugresistant, an increase in the number of such strains after completion of treatment might have occurred in proportion to availability of drug-resistant .trains in the environment. However, selection of drug-resistant strains during treatment would require strains resistant to methicillin. Gezon, Rogers, Thompson and Hatch (13) have reported that more than one phage type of staphylococcus can be isolated from a large proportion of nasal carriers. It is possible that new phage types isolated after therapy with methicillin were present before treatment and do not represent true acquisition of new phage types. However, the close correlation between phage types of staphylococci isolated from the nose, skin, and air around individual carriers both before and after treatment suggests that changes in the predominant type of nasal staphylococci did occur.
At the present time, methicillin differs from most antimicrobial agents in suppressing nasal staphylococci, skin staphylococci, and aerial dissemination of these bacteria and in reducing the proportion of multiple-drug-resistant strains from these sources. No strains resistant to methicillin have been detected in our hospital; should resistant strains appear in large numbers, then patients treated with methicillin would be expected to acquire methicillin-resistant staphylococci from the hospital environment in a manner similar to the acquisition of strains resistant to penicillin G, tetracycline, and erythromycin by patients during treatment with these drugs. A few strains resistant to methicillin have been reported from England (14) , but it is too early to predict accurately how virulent or transmissible these staphylococci will be or how frequently they may be encountered after methicillin has been used for a longer period of time.
The relative role of nasal carriers of staphylococci in initiating staphylococcal infections has not been completely established. However, a number of epidemics of staphylococcal diseases has been ascribed to a simple nasal carrier (15) (16) (17) . Also, in two studies (18, 19) patients who were nasal carriers had a higher incidence of postoperative staphylococcal infections than patients who were noncarriers, and the increased incidence of infection was due to staphylococci of the same phage types as those present in the nose before the infection occurred.
It has rarely been possible to prove that infections were caused by aerial dissemination or by direct contact with skin staphylococci. However, studies by Wolinsky, Lipsitz, Mortimer and Rammelkamp (20) have shown that, at least in one nursery, direct contact by hands was very important in dissemination of staphylococci. Regardless of the method of transfer, the present studies suggest that a decrease in the number of nasal staphylococci or elimination of the nasal carrier status should reduce both the risk of aerial dissemination and of infections from skin staphylococci.
This study was designed to test the correlation between nasal staphylococci and dissemination of these organisms onto the skin and into the air. Until the role of nasal carriers in initiating staphylococcal infections can be established and until the risks of selecting methicillin-resistant staphylococci with either topical or systemic therapy are known, topical treatment of nasal carriers with methicillin as a means of reducing staphylococcal infections must remain an experimental approach. SUMMARY Nasal administration of methicillin rapidly decreased both the number of nasal carriers of staphylococci and the number of staphylococci isolated from patients who remained carriers.
Approximately one-third of treated patients reacquired staphylococci of the same phage types as those present before therapy; in one-third of the patients different phage types of staphylococci were isolated after treatment; and one-third remained noncarriers.
Staphylococci isolated after treatment were less frequently multiple-drug-resistant than those isolated before treatment.
Depression of nasal staphylococci was followed by a rapid reduction of skin staphylococci and of aerial dissemination of these organisms.
